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ABSTRACT 
 
The Homeless Garden Project, a non-profit organization in Santa 
Cruz, California, was given 15-acres to expand in 1998 by the City 
of Santa Cruz. The main reason they have not moved to this area is 
that there is no readily available water to irrigate with. In this 
paper, we used GPS data and WaterCAD modeling to design a 
gravity water distribution system in order to irrigate this new land 
for the Homeless Garden Project. This system used two mountain 
springs as a water supply in which spring diversion box retrofits 
were designed. Multiple 2-inch high-density polyurethane (HDPE) 
pipelines were used to convey this water from the springs to a 
storage system and then to the proposed farm location. We have 
identified that the average spring water supply during the growing 
season and this system will be able to support 8.25-acres of 
farmland. Consequently, if the Homeless Garden Project wants to 
expand beyond this acreage, extra measures will need to be taken 
in order to have a greater water supply. In order for this system to 
be implemented, it will need to be approved by both the Homeless 
Garden Project and the City of Santa Cruz.  
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Chapter 1: Introduction 
 This section will explain the history and purpose of the Homeless Garden Project and its 
need for growth. It will also describe the design team’s choice of this project and the scope of 
design.  
1.1 History of the Homeless Garden Project 
The Homeless Garden Project (HGP) is a non-profit organization located in Santa Cruz, 
CA, with the goal of providing aid to the homeless community by imparting “an introduction to 
sustainable agriculture methods, an opportunity to learn skills and work as part of a team toward 
accomplishing a goal, and a positive community of people, health food and physical activity” 
(Homeless Garden Project: Jobs, 2010). In 1990, the Homeless Garden Project was founded by 
Santa Cruz community activists from various backgrounds with the hopes of helping the 
community and addressing the needs of the homeless population. It began as a small organic 
farm as a part of the Citizens Committee for the Homeless and began selling produce to local 
restaurants and farmer’s markets a year later in 1991. The HGP was well received and within 
four years expanded to a second, 1.5 acre plot of land at Natural Bridges Farm. The Homeless 
Garden Project continued to grow, and by 1998 the organization had expanded all of its efforts to 
a 4-acre lot at Natural Bridges Farm where it continues to serve the community today. That same 
year, the City of Santa Cruz adopted a Master Plan for a 614-acre open space greenbelt at the 
Pogonip near the University of California, Santa Cruz. Within this area is a 12-acre plot that was 
set aside for use by the Homeless Garden Project. Development of the land was stalled by a lack 
of water for irrigation and insufficient funds for the construction of an appropriate irrigation 
system. The HGP Board investigated the site and deliberated management, operation, and site 
plans for years until it decided that it was time to finally move the farm to the new, larger site. 
Both the current location of the HGP and the 12-acre future location are shown below in Figure 
1.  
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Figure 1 Current and proposed Homeless Garden Project locations 
1.2 Need to Expand 
According to the Santa Cruz County Homeless Census & Survey, the number of 
homeless in Santa Cruz increased 28% in 2013 alone. In 2013, there were 3,536 people who 
were living without an address. Of these homeless, 82% lived on the street, in cars, in abandoned 
buildings, or in encampment areas, rather than an emergency shelter or transitional housing. 
Unfortunately, the community lacks funding to address this growing issue because Homeless 
Assistance Grants, distributed by the U.S. government, are based on population, poverty, and 
housing characteristics, not on numbers of homeless persons (Hoppin, 2013). To accommodate 
the increasing homeless population and inadequate resources, HGP needs to expand to the larger 
plot of land given to it by the City.   
1.3 Getting Involved 
 The Homeless Garden Project Board of Directors has been in the process of developing 
this project since 1998, when the land was first donated by the City. At that time, Mark Primack, 
a local architect of Santa Cruz, began the design layout for the future garden. Throughout the 
years, Primack, along with the HGP Board, contacted environmental consultants as well as the 
City of Santa Cruz to gain momentum on this project and solve the problem of the lack of water 
CURRENT HGP 
LOCATION 
NEW HGP 
LOCATION 
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to the site. In August of 2014, Primack contacted his neighbor, Mike Munson, a Professional 
Engineer at the Santa Clara Valley Water District, about getting involved. A longtime resident of 
Santa Cruz, Mike was asked by the HGP Board to prepare a design of a gravity-fed water 
distribution system to supply adequate irrigation to the new garden in August of 2014. Mike then 
contacted Tara Pozzi, a Water Utility Engineer Intern at the Water District, about working with 
him to complete the design. Pozzi, also a Civil Engineering student at Santa Clara University, 
then enlisted two of her classmates, Caroline Ruwe and Jack Miller, to be a part of the design 
team.  
1.4 Design Scope 
 This project included the design of a pipeline that connects two mountain springs to an 
irrigation system with a storage area in between. The pipeline will run under existing hiking 
trails, the storage area will include two plastic tanks, and the irrigation system meets the needs of 
a 12-acre farm with orchards, row crops, and planter boxes. The design includes both technical 
and non-technical aspects of the project’s effect on the Pogonip and the Community of Santa 
Cruz. In addition, this report will explain the detailed process of how the team developed its final 
design. This will include how the team worked with key stakeholders as well as how it analyzed 
alternatives through design criteria, feasibility, and cost.  
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Chapter 2: Non-Technical Issues 
 The design philosophy for this project was developed to match Santa Clara University's 
and the Homeless Garden Project’s mission statements. This design reflects the core values in a 
multi-faceted way through various non-technical considerations including ethical, environmental, 
aesthetic, political, economic, and health and safety.  
2.1 Social Justice 
 It is the goal of Santa Clara University to provide service to others and “service… to its 
most disadvantaged members as we work with and for others to build a more humane, just, faith-
filled, and sustainable world.” It was important for the design to help the Homeless Garden 
Project by providing resources with which it could expand and continue to help others. The 
Homeless Garden Project provides compassionate support to some of the most disadvantaged 
within the community. Compassion is one of the three “C’s” of Santa Clara University, with the 
others being Competence and Conscience. The three “C’s” of Santa Clara are an integral part of 
the university; throughout the design process the team considered these values to ensure that it 
met the requirements of the Homeless Garden Project as well as Santa Clara University. The 
farm layout and irrigation system designed in this project gives the HGP new ability to expand 
and benefit a larger number of homeless individuals. 
2.2 Ethical Considerations  
 When preparing to alter the environment it is important to analyze the potential ethical 
issues that might arise. In the case of the Homeless Garden Project the team designed a water 
system for a new 8-acre farm in the Green Belt of Santa Cruz. This land is currently owned by 
the City of Santa Cruz and open to the public for recreation and hiking. With the addition of the 
new Homeless Garden located in the Pogonip, the team considered the impact of drawing more 
homeless people into the area. This new farm will be three times larger than the current garden, 
which means that more resources will be available to help the homeless. At the same time, more 
homeless will gather to this area, which could pose a problem for local residents and those using 
the Pogonip trails. Another concern that the community may have about the expansion of this 
project is the overall increase in homeless drawn to Santa Cruz due to social service benefits the 
City gives such as this Project. Service Center and Homeless Persons Health Project are two 
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other examples of organizations geared at helping the homeless. Santa Cruz is an attractive 
destination for homeless individuals because of the social services it provides, its weather, and 
the fact that there is already a large settled homeless population. This concern is known as the 
“magnet myth” and is the worry that an increase in services to homeless will cause homeless 
individuals to immigrate to the community.  In reality, the majority of homeless in Santa Cruz 
lost their permanent housing while residing in Santa Cruz.  According to Santa Cruz Homeless 
Census and Survey in 2013, 72% of respondents were living in Santa Cruz prior to becoming 
homeless.  Further, only 19% of the respondents cited the services of Santa Cruz as a reason that 
Santa Cruz attracts homeless.  People who move to Santa Cruz, whether homeless or not, do so 
most often because of the climate and beaches.  Increasing services for the homeless population 
does not exacerbate the issue of homelessness, but addresses a need within the community (Santa 
Cruz Good Times). 
2.3 Environmental Considerations 
The water sources for the irrigation system are two springs located over a mile uphill 
from the proposed garden location. The most eminent environmental issue that was analyzed was 
the effect of diverting 100% of spring flow during a prolonged drought. Santa Cruz currently has 
several sensitive salmon fisheries along various water bodies in the County that have been 
threatened by temperature rise due to the drought. Additionally, research done by students and 
faculty at UC, Santa Cruz found that Spring 1 currently feeds into Pogonip Creek and makes up 
about 5% of the total flow. Spring 2 currently feeds into the San Lorenzo River and makes up 
1% of the river’s total flow.  Weber, Hayes & Associates (WHA), a hydrogeologic and 
environmental consulting firm, determined that diverted 100% of this flow would not have an 
impact of water temperature in either the Pogonip Creek or San Lorenzo River.  
Another environmental issue that arose from this design was its effect on the surrounding 
plant and wildlife. Currently, the area is mostly covered with non-native grass and a mix of 
native and non-native trees. In order to prevent negative environmental consequences, the project 
was designed to have the least amount of impact possible. One example of this was the design of 
the water conveyance lines underneath the existing trail so no new sensitive, ecological systems 
would be disturbed. Furthermore, an Environmental Impact Report concerning the Homeless 
Garden Project, written in 1999 and approved by the City of Santa Cruz, analyzed the effect of 
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the garden on the land’s biodiversity as insignificant with certain mitigation measures including 
a prairie management plan, biodiversity preservation, erosion control, and drought protection.  
2.4 Aesthetic Considerations 
The Santa Cruz community values the Pogonip trails for their natural beauty and the 
historical landmarks, such as the old polo club house. In the pipeline design one of the main 
priorities was maintaining the attractiveness of the trail. Currently, old, rusty, unusable pipes run 
along the sides of the trail. Prior to constructing the new pipeline, all of these pipes need to be 
discarded. The new pipeline will then be placed underground to return the trail to a more natural 
appearance.  
For the water storage tanks, a green plastic exterior will blend into the current 
environment. The tanks will be located in the current concrete holding pond so that no more land 
is disturbed. In addition, native plants will be added to conceal this area.  
2.5 Political Considerations 
This design will impact public property as it does intrude on the hiking trails of the 
Pogonip Nature Loop. With this in mind, the design needs to meet all the requirements from the 
City of Santa Cruz in order to be implemented. To do this, the team has communicated to the 
City of Santa Cruz in person and through formal letters. From one of the City’s letters it was 
explained that it needed the following:  
1. An updated site plan to show the modified planting area and acreages.  
2. An updated Wetlands Research Associates Draft Native Coastal Prairie Mitigation 
and Management Plan.  
3. A plan that shows the location of the entire length of the diversion pipeline and 
master irrigation plan for the garden with supporting construction details. 
4. Details for the diversion retrofit work at the spring box. 
5. An updated letter regarding the environmental impact of utilizing the springs.  
See Appendix A for the full letter. The SCU project team was tasked with items 1, 3, and 4 
which it submitted a proposal for in December of 2014. The City responded with comments that 
have been implemented into the final design.  
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The team also met with other governmental bodies including the Water Department, 
Public Works, and Parks and Recreation of Santa Cruz to discuss any of their concerns. Again, 
since this project is located on public land, extra precautions with the design needed to be taken 
in order for it to be approved and eventually implemented.  
2.6 Economic Considerations 
HGP is a nonprofit agency with limited funds, so it was important to select the most cost 
efficient design. This was done through constant consideration of the constructability and 
manufacturability of various components, as well as a focus on local suppliers. While HGP is 
relying on donors to finance the new farm, the organization will also see increased profits due to 
production expansion. Hopefully this increase in profit will allow HGP to expand its program to 
more than 15 trainees a year, as well as increase the number of staff members. With the 
increased production, HGP will also be able to sell more CSA packages and goods. 
2.7 Health and Safety Considerations 
Safety was another issue the team evaluated. The spring water has been tested and meets 
the standards for irrigation use; however, it does not meet potable use standards. As a result, 
proper signage such as “Not for Drinking” should be placed on all locations where someone 
could drink water along the pipeline. The site is on a hill, so during construction extra safety 
measures will have to be met on-site; more specifically Americans with Disabilities Act (ADA) 
and Occupational Safety and Health Administration (OSHA) will also have to be met by the 
contractor performing the work.  
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Chapter 3: Design Strategy 
 Before starting the design of the water distribution system, a design strategy was 
developed. This strategy involved a multi-step process where an initial design was created with 
multiple alternatives. This initial design was then submitted to project stakeholders for input and 
quality control. Then the final design was created based on this feedback.  
3.1 Design Process  
 The design methodology of this project followed a source to soil concept. The first area 
of design was the source of water, the two springs, the conveyance of that water through 
pipelines, the storage of that water, and lastly the distribution of that water into the irrigation 
network. Following the initial contact with Mike Munson, the senior design team began meeting 
with the Homeless Garden Board and other associates involved with the project. The majority of 
the correspondence was conducted through Darrie Ganzhorn, the Executive Director of the 
Homeless Garden Project. She informed the team of important decisions of the Board via email, 
phone conversations, and in-person meetings.  
The team made numerous site visits both together and individually in order to assess the 
current spring diversion boxes, water holding pond, and proposed farmland. Once there was a 
basis for design, the actual project was able to move forward. The rest of this report will follow a 
similar format to this design methodology in order to provide a greater understanding of the final 
design for the HGP farm. 
3.2 Quality Control 
 At the start of design, a tri-fold quality control strategy was developed. The first layer 
was a quality check of each groups member’s work on a daily or weekly level. The second 
quality control layer was weekly design meetings with Professor Steve Chiesa for professional 
design input. The last quality design layer involved the project stakeholders. This group was 
made up of a Professional Engineer, HGP Board Members, and various representatives from the 
City of Santa Cruz Water Department, Public Works Department, and Parks and Recreation 
Department. All stakeholders were involved throughout the entirety of the project and directed 
the design on an executive level.  
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Chapter 5: Final Design 
 The final design is broken down into the spring source, conveyance pipeline, water 
storage, and irrigation network. This chapter will focus on each component independently.  
5.1 Source 
 The water source is two mountain springs located a mile uphill from the proposed farm 
location. These springs have been previously harnessed through spring diversion boxes which 
need to be repaired and retrofitted.  
5.1.1 Water Quality 
As previously stated, the spring water was tested to insure it meets quality standards for 
irrigation use. The results from the Santa Clara Valley Water District lab are shown in Table 1on 
the following page. The three contaminant concentrations that were most closely examined were 
Total Dissolved Solids (TDS), Total Coliforms, and Boron. TDS levels are often a good 
indicator of the salinity of a water source. Too much salt in the water can inhibit plants’ ability to 
draw in moisture. Total Coliforms and Boron have toxic effects on plants when they are present 
in high concentrations. The results from the testing were compared with irrigation standards from 
The University of Tennessee’s Agricultural Extension Service and Texas A&M University’s 
AgriLife Extension. Based on this information the spring water was determined to be safe for 
irrigation use.  
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Table 1 Spring water test results 
Spring Water Results Irrigation Water Standards 
Tested Value Units Result 
Allowable 
Concentration 
Permissible? 
Total Dissolved Solids 
(TDS) 
mg/L 451 525 Yes 
Conductivity umhos/cm 697 750 Yes 
Alkalinity mg/L 332 400 Yes 
Boron mg/L ND 0.5 Yes 
Calcium mg/L 110 80 Yes 
Magnesium  mg/L 4.9 50 Yes 
Sodium mg/L 15.3 50 Yes 
Total Coliforms 
MPN/100 
ml 
1 1 Yes 
E. Coli 
MPN/100 
ml <1 
1 Yes 
Fluoride mg/L 0.044 0.75 Yes 
Nitrate mg/L 1.811 10 Yes 
Phosphate mg/L 0.054 2 Yes 
Sulfate mg/L 25.86 50 Yes 
5.1.2 Water Quantity 
 The largest concern of the HGP Board was to ensure that there would be enough 
accessible water to irrigate the crops on the farm. This involved looking at the average flow rates 
of the two springs and determining how much of the total flow of each spring would need to be 
diverted towards the irrigation system.  A study done by the University of California, Santa Cruz, 
between May, 1989 to September, 2008 recorded the flow coming from each of the springs. The 
results of this study were examined by Weber-Hayes & Associates. The results were broken 
down into a 28-week “growing season” (April 1- October 15) and a 24-week “non-growing 
season” (October 16- March 31). The growing season represents the part in the year many crops 
are grown and harvested. This season is also usually drier as it occurs over the summer.  The 
results from the growing season, non-growing season, and yearly averages are shown in Table 2. 
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Since the water demand for irrigation will be at its largest during the growing season, this 
average combined spring flow (23.5 gpm) was used as the control input value input.  
 
Table 2 Average spring water supply 
  Spring 1 Spring 2 Total Flow 
Total Year-Round Average Flow (gpm)  31.8 11 42.8 
Growing (Dry) Season Average Flow (gpm) 18.2 5.3 23.5 
Non-Growing (Wet) Season Average Flow (gpm) 46.8 17.3 64.1 
 
Initially, there were discussions between the project team, HGP and the City of Santa 
Cruz in regards to how much water from each spring could be harnessed in the irrigation system.  
As discussed in section 2.3 Environmental Considerations, WHA determined that utilizing 100% 
of each spring would have negligible environmental impacts. With WHA’s recommendation, the 
City of Santa Cruz approved the use of collecting 100% of the spring flow.  
5.1.3 Spring Diversion  
 In order to capture the spring flows, spring diversion boxes were designed. A spring 
diversion box is a catchment device that diverts spring flow from its natural path to a conveyance 
system where the water can be utilized. There were two existing spring boxes, one at each spring 
mouth, which had been previously used when the area was a polo club over sixty years ago. Over 
the years, the existing boxes fell into disrepair and needed to be either retrofitted or replaced for 
the new system. For the new design, a new spring box was designed for each spring, and the 
spring diversion configurations were retrofitted. The mouths of the two springs are in remote 
locations and would be inaccessible to a concrete truck. To make manufacturability and 
constructability it was decided to use pre-cast concrete spring boxes, as opposed to cast-in-place. 
 The spring diversion box for Spring 1 was designed to capture the flow from where it 
comes out of the hillside. The water will flow through two gravel layers to provide preliminary 
filtration and will then flow into a conveyance pipe located at the bottom of the box. To prevent 
the box from acting as a dam when the system becomes full, there is a two-inch overflow pipe to 
release excess flow back to its natural path. There is an existing koi pond at the Spring 2 source. 
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In order to preserve the pond as a scenic hiking destination, the spring diversion box for Spring 2 
was placed downstream of the pond. Flow is collected directly from the pond via a pipe that is  
5.2 Conveyance Pipelines 
The team looked at alternatives for several important choices that ultimately affected the 
design of the pipeline. How much water was to be taken from the springs, where the pipe would 
be laid, how much land would be irrigated, and what the pipe would be made of were all 
considered. This section examines these alternatives and gives insight into how the team chose 
the final design criteria. 
5.2.1 Pipeline Path  
The initial design approach examined two pipeline paths. The two path alternatives are 
shown in Figure 2 below.  
 
 
Figure 2 Pipeline path alternatives 
 
Path 1 follows the existing footpath trail that is present in the Pogonip Creek Park it is 
shown in blue. Since it follows an existing path, no new land would need to be disturbed. Path 2 
follows the existing footpath trail until the storage area and then cuts straight through a meadow 
PATH 1 
PATH 2 
13 
 
to the mid-garden station as shown in red. Path 2 is shorter; however, it would require the use of 
undisturbed green land, which the design team wanted to avoid. Ultimately, Path 1 was chosen 
because the pipeline would have minimal impact on the surrounding, sensitive ecological 
systems in the area, trail aesthetics, and trail conditions. Path 1 also meets the City of Santa Cruz 
requirements.  
5.2.2 Pipeline Material 
There were two main material options for the conveyance pipelines: Polyvinyl Chloride 
(PVC) and High Density Polyethylene (HDPE). Both options are durable and relatively cost 
effective compared to other pipe materials such as ductile iron, copper, and steel. PVC consists 
of straight, stiff members that require joints for connections. PVC pipe is also only produced in 
limited lengths and thus requires more connections. In contrast, HDPE is more flexible and 
available at larger lengths which can be coiled up for transportation. To connect pieces of HDPE, 
heat fusion welding is used so no mechanical connections are required. This makes it easier to 
have one long, fluid, flexible piece of pipe. HDPE is primarily used for natural gas but can also 
be used for water transportation (Peterson, pp.54 -58). The terrain that this pipeline is going in is 
not straight modular, such as with a neighborhood development; it has curves and elevation 
changes to conform to Pogonip landscape. With this in mind, the design team chose HDPE for 
the majority of the pipeline. 
5.2.3 Pipeline Size 
The size of the pipeline was determined after the pipe length and material were chosen. A 
WaterCAD model was used to analyze the appropriate pipe size for the system. The input data 
for this model was representative of industry standard design criteria for pressurized water 
systems such as this. The maximum velocity of flow in the pipe was 5 ft/s based on the 
American Water Works Association standards for conveyance lines. In addition, a Hazen-
Williams coefficient of 130 was used to account for the frictional losses in the pipe over time. 
Typically, HDPE pipe uses a coefficient of 150, but this design used a more conservative 
coefficient for an additional factor of safety. The WaterCAD model also used GPS data that was 
gathered with a Garmin eTrex 30 on several site visits. With almost 600 data points, a precise 
pipeline layout was created using Civil3D and Plex.Earth. This computer model gave precise 
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elevations and pipe lengths that were directly inputted into the WaterCAD model. After the 
model was run, it was determined that a 2-inch HDPE pipeline was sufficient to meet the 
specified design criteria. 
5.2.4 Pipeline Analysis 
The final part of the pipeline design was analyzing the high and low points of the pipeline 
in order to prevent potential issues. This analysis was done by creating profile views of all the 
conveyance lines in Civil3D.  Figure 3 below is an example of a profile view from Spring 1 to 
the storage tanks.  
 
 
Figure 3 Pipeline profile example 
 
Ultimately, four profile views were created to represent the entirety of the conveyance 
line system. There were two locations where 2-inch air release valves were needed. These valves 
were strategically placed in the high point locations along the conveyance lines, where air 
pockets often form in a pressurized pipe; these air pockets act as a blockage to flow in the pipe; 
however, the air release valve is used to release this air and reopen the pipeline. In addition, three 
locations required grit removal systems at low points in the pipe; due to the likelihood of 
sediments getting into the pipeline, this was an essential part of the design to prevent clogging. 
15 
 
 Finally, the depth of the pipe was designed based on ASTM D 2321 “Standard Practice 
for Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity-Flow 
Applications.” The final trench detail for 2-inch HDPE pipe is shown in Figure 4.  
 
Figure 4 Trench detail 
 
The detail states that the width of the trench can vary between 6 inches and 21 inches. 
This was designed to meet the varying trenching depths that the conveyance lines require. While 
the minimum depth shown above is 18 inches, the water line will be up to 5 feet deep in other 
locations.  
5.3 Water Storage Design  
 An important aspect of this design was having the capability to store water. This was 
needed in order to equalize the spring supply and the demand from the farm over a 24-hour 
period. To store water it was determined that large plastic storage tanks were the most economic 
and feasible solution.  
5.3.1 Required Storage Volume 
In order to calculate the required volume of storage, a volumetric flow analysis was 
conducted. Prior to learning that 100% of both springs could be used for irrigation, the project 
team developed several scenarios in which different percentages of the springs were used. These 
percentages of the total 23.5 gpm acted as the inflow for the volumetric flow analysis. 
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Depending on the amount of flow available, the potential acreage, or size of farm, was calculated 
using an average 1.6 acre-ft of water demand (Farm and Ranch Irrigation Survey (2013)). The 
size of farm, as well as three options for irrigation schedules, 8-, 10-, and 24-hour irrigation, 
determined the outflow for the volumetric flow rate. The required storage volume was then 
determined using these scenarios.  
After learning that 100% of the water from each spring could be harnessed for irrigation, 
the water flow into the tank was 23.5 gpm (Table 2). Using this inflow as well as the three 
options for irrigation schedules the required storage volume was calculated and is shown in 
Table 3. See Appendix C for calculations. The required storage volume was split into two tanks 
that are at already manufactured and readily available sizes. These sizes are shown in the table 
under “Nominal Tank Storage Volume”. Having two tanks would give redundancy and the 
ability to leave the system in service if one of the tanks needed to be repaired, maintained, or 
cleaned.  
Table 3 Required storage volume 
Irrigation Schedule 
(Hours)  
Calculated     
Storage Volume 
(Gallons) 
Nominal Tank  
Storage Volume 
(Gallons) 
8 22,229 2 @ 12,000 each 
10 19,405 2 @ 10,000 each 
24 0 0 
 
 After communicating with the Homeless Garden Project and learning what it takes to run 
the program, a traditional 8 hour a day irrigation schedule was selected. This meant having two 
12,000 gallon tanks. Tanks of this size are available from multiple producers; however, for our 
design we chose a Norwesco brand because they are available locally in Hanford, CA. One of 
these Norwesco tanks is 11’-9” in diameter, 16’ tall, and weighs 3,013 lbs. when empty 
(PlasticWaterTanks.com). 
 The Pogonip area is located roughly 11 miles from the San Andreas fault and this area of 
California is in the USGS seismic design category D, indicating high vulnerability to seismic 
activity.  In order to make the tanks safe in the case of an earthquake, a seismic tie down kit will 
be used to meet the appropriate codes.   
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5.3.2 Location of Storage Tanks 
 Currently, there is an out of use concrete holding pond located halfway between the 
springs and the proposed farm location, see Figure 5 below. This area is already developed, 
which meant that no new land needed to be disturbed to house the tanks. The holding area is 
currently not in good condition as shown in Figure 5. In addition, no as-builts could be found 
regarding this area, which meant exact dimensions could not be determined. Moreover, it was 
not clear if this concrete area had reinforcement. Prior to putting the tanks in the old holding area 
a necessary measures need to be taken to insure this area is capable of housing the storage tanks.  
 
 
Figure 5 Holding pond location and condition 
5.3.3 Soil Bearing Pressure 
 Since the storage tanks will add a concentrated load, the soil bearing capacity needed to 
be checked to insure that the soil would be able to handle the load. As previously stated, each 
tank will weigh 3,013 lb when empty. Using the unit weight of water which is around 8.31 
lb/gal, the total weight for one filled tank would be 102,613 lb. The footprint of one tank is 
around 112 sf which makes the direct loading 900 psf.  
 The soil type in the area was determined to be Zayante Coarse Sand, according to the 
United States Department of Agriculture custom soil resource report. The report is attached in 
Appendix D. The material properties of this sand include a soil cohesion value of 0, a friction 
angle of 30 degrees, and a unit weight of 120 pcf (Coduto, Foundation Design). Using these 
material properties in the Terzaghi Variable Equation as well as a factor of safety of three, the 
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soil capacity was determined to be 2,900 psf. This capacity is much larger than the loading which 
means the soil will be able to support the tanks. The calculations can be found in Appendix E. 
5.3.4 Concrete Pad Design 
 Since the tanks will only be affecting the flat portion of the storage area it was 
determined that only this 30ft by 30ft area would be replaced. To design the concrete pad a Load 
Resistance Factored Design (LRFD) was used along with the American Concrete Institute (ACI) 
manual. The concrete and reinforcement strength will be the typical values of 4,000 psi and 
60,000 psi respectively. To design the reinforcement the moment created by the storage tanks 
was used. Figure 6 bellow shows the final concrete pad design. The pad will be 30ft by 26ft, to 
leave room for an infiltration trench, which will be discussed later. The final reinforcement 
design includes #7 rebar at 18” on center with a 3” minimum clear cover to prevent any possible 
corrosion since this pad will be placed directly on soil. There will also be a 2% slope in the slab 
for drainage, excluding where the storage tanks will be placed.  
 
 
Figure 6 Concrete pad design for the storage area 
5.3.5 Drainage  
 In Figure 5, it is clear that the concrete storage area does not currently have drainage 
capabilities. To handle the rain water that will hit the storage area an infiltration trench was 
designed to the downslope side of the concrete pad. An infiltration trench was chosen because it 
is a natural way of putting rainwater back into the ground water instead of having it flow down 
the hillside, which could potentially cause erosion. This infiltration trench was designed using 
Caltrans Infiltration Trench Guidelines. To design the trench the water quality volume (WQV) 
was calculated. This includes the amount of water that will accumulate during an 85% storm in 
the area of the holding area. Using the Clatrans program Basin Sizer, it was determined that the 
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85% storm in Santa Cruz was 0.95 in/24 hours. Using this information as well as a typical trench 
fill porosity of 0.4 it was determined that the trench excavation volume needs to be at least 418 
cf in order to properly drain the water over a 40 hour period (Caltrans). From this data a 3’-
6”x4’x30’ trench was designed as shown below in Figure 7. To handle storms greater than the 
85% there will also be an overflow pipe that will take excess water to the surrounding hillside.  
 
 
Figure 7 Infiltration trench detail. 
5.3.6 Storage Area Pipe Network 
 To get water into the storage tanks the pipeline needed to be exposed due to the location 
and storage area configuration. HDPE becomes brittle when exposed to sunlight, so the pipeline 
was converted to galvanized steel prior to becoming exposed. Steel and galvanized steel perform 
better than HDPE when exposed to elements, and since galvanized steel is more cost efficient 
than steel, it was chosen. The pipe will also be elevated using pipe saddles in case of any 
standing water.  
From the WaterCAD model, it was determined that due to the large elevation difference 
between Spring 1 and Spring 2, if the two separate pipes were connected prior to entering the 
tanks there could be reverse flow, or flow going up stream instead of into the tanks. This meant 
that there needed to be two separate pipes from each spring connecting to each of the tanks. To 
do this each pipeline will split into two, or a total of two pipelines going into each tank. For 
flexibility there will also be a pipeline that bypasses the storage tanks all together as well as flow 
control valves shown in red in Figure 8. These will allow the water to flow into one tank, both 
tanks, or bypass the tanks all together. In order to prevent overflow in the tanks there will be 
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float control valves at each entrance. Moreover, all connections into the tank will be flexible as 
the tank size and shape can change due to varying loadings and temperature.  
 
 
Figure 8 Pipeline design in storage area 
5.4 Distribution to Irrigation Network 
 The irrigation network was designed using a previously designed garden layout, 8-hour 
irrigation schedule, and calculated water budget.  
5.4.1 Garden Layout 
 The initial layout of the garden row crops, beds, and orchards was created by Mark 
Primack and is shown in Appendix H. Primack designed the garden to meet the growing needs of 
HGP in the most efficient and productive way.  
 The final layout of the farm was based on similar farms in the Santa Cruz area. The first 
farm the design referenced the University of California, Santa Cruz farm. Jim Leap, the farm 
manager, gave a tour of the University’s 30-acre farm, which is comprised of annual and 
perennial food and ornamental crops, mechanically cultivated row crops, orchards, and research 
plots (casfs.ucsc.edu). Jim talked extensively about the farm’s irrigation network, as well as 
sustainable farming techniques. The current HGP garden was also used as a reference to design 
the new farm. This 4-acre farm grows organic fruits and vegetables, herbs, succulents, and 
flowers among other things. The project team took a trip to the garden to daily farm operations. 
This was helpful in terms of learning the current HGP farming practices and how the program 
truly works.  
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 The final design of the garden was then created with these two designs as reference 
information. At the top of the garden, the conveyance lines were designed to convert from HDPE 
to PVC for constructability and ease of use. PVC connections are more readily available and are 
easy to install and change if necessary. There will be about 2,200 linear feet of PVC pipe 
designated by the blue line in Figure 9 below. 
 
 
Figure 9 Garden and irrigation layout 
 
 In addition, each blue box along the pipeline represents a riser where the farm manger 
and/or workers will be able to attach either drip irrigation or sprinkler pipe. The garden was 
designed for maximum flexibility so the risers will be constructed to be useable for both types of 
irrigation. Each riser feeds water to every third acre and will have a control valve and a timer. 
There will also be two pressure reducing valves (PRV) in the garden. Pressures coming into the 
garden will be as high as 80 psi, so the PRV at the top of the garden was designed to reduce the 
pressure down to a useable level for both drip and sprinkler pipe. A second PRV was added in 
the center of the garden to further reduce the pressure to around 8 to 10 psi for areas in the 
garden that will use solely drip irrigation. Appendix L displays the effect on pressure from these 
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two PRVs at critical junctions. There will also be an isolation valve at each PRV for operations 
and maintenance purposes. Lastly, a flowmeter will be installed at the top of the garden so the 
farm managers can account for how much water they are using.  
Throughout the design of the garden, sustainable irrigation practices were a priority. 
These practices were based on the Environmental Protection Agency’s Best Management 
Practices (BMP). The three BMPs this project focused on were BMP 3 “Distribution System 
Audits, Leak Detection, and Repair,” BMP 4 “Water-Efficient Landscaping,” and BMP 5 
“Water-Efficient Irrigation.” The design accounts for BMP 3 through the HGP Operations and 
Maintenance Manual, BMP 4 through native and “climate appropriate” plants, especially in 
drought years, and BMP 5 through moisture sensors in the soil and use of drip irrigation to 
reduce water use by 20-50%.  
5.4.2 Water Budget  
Once the layout of the farm was established, a water budget was created. A water budget 
represents the amount of water needed to replace the amount of water lost to evapotranspiration. 
The preliminary method of calculating the water budget was based on the USDA 2013 Ranch 
and Irrigation Survey which concluded that, on average, an acre of land needs 1.6 acre feet of 
water. This rough estimate was used to design the tank as described in Section 5.3.1.These final, 
more precise design calculations were based on University of California, Santa Cruz’s Center for 
Agroecology and Sustainable Food Systems article “Make the Most of Water Resources with 
Careful Irrigation Practices”; example calculations are shown in Appendix I. This article was 
written by Jim Leap, the farm manager at the University. Due to the similar environment and soil 
type, the water budget for the HGP farm followed almost identical design criteria. The soil type 
for this farm is a sandy loam based on the USDA National Cooperative Soil Survey; therefore, 
the soil has a fairly fast infiltration rate. Soil survey can be found in Appendix J. The 
evapotranspiration rate was assumed as 0.15 inch/day based on the California Irrigation 
Management Information System; this totaled to about 1.05 inches of water lost per week due to 
evapotranspiration. Using this number as the basis for design, it was determined that 28,512 
gallons per acre were lost a week. The total water budget was then calculated based on the 
garden acreage specified by the HGP Board. The 3.25 acres of orchards and perennials require 
93,000 gallons of water a week, the 1.85 acres of beds require 52,000 gallons of water a week, 
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and the 3.15 acres row crops require 90,000 gallons of water a week. This amounts to 235,000 
gallons of water needed a week with an added 10% contingency for salinity control. The water 
budget calculations can be referenced in Appendix K.  
5.4.3 Irrigation Schedule 
As stated previously, the HGP Board requested an 8-hour irrigation schedule. In order to 
ensure this design could meet the requirements of the Board, a schematic WaterCAD model was 
used to analyze exactly how many acres the two springs could feed. An example irrigation 
schedule was created for the week based on the following design criteria. Sprinkler pipes used 
for this design require 45 psi at 3 gpm and require about 1.4 hours a week of watering time. Drip 
irrigation, however, operates at 8 psi at 0.67 gpm per 100 feet of drip tape and requires about 4.8 
hours a week of watering time. 
Since risers were designed to water each third acre of the farm, the model then broke 
down each of these sections into irrigation zones; this totaled to 21 irrigation zones. In order to 
gain the most effective farming results, the irrigation time was broken into two separate watering 
times throughout the week, with the exception of four orchards plots that were designed to be 
watered once a week for a large, deep-root irrigation technique. Once the design criteria were 
established, the WaterCAD modeled analyzed a potential irrigation schedule the HGP farm 
managers could use. An example of one day of irrigation, shown in Figure 10 below, was the 
watering of two orchard irrigation zones, two row crop irrigation zones, and two bed irrigation 
zones within an 8-hour window.  
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Figure 10 Example irrigation schedule 
 
Similar to this example, a 7-day irrigation schedule was created in WaterCad. The model 
determined that it is feasible to water approximately 8.25 acres worth of farmland from the 
spring flow. 
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Chapter 6: Cost Analysis 
 The cost analysis for this project was done at two points along the design process. An 
initial cost estimate was done for the initial proposal design that was given to project 
stakeholders for review in December. The design of the project was at a preliminary stage and 
still had many unknowns. On January 29
th
, 2015, the design team provided the HGP Board a cost 
estimate that analyzed four different design alternatives that varied in tank size, irrigation 
schedule, and spring diversion box design. From those four alternatives, the lowest cost option 
was the two 10,000 gallon storage tanks and pre-cast spring boxes, with a total estimated cost of 
$226,877.59.  
The final cost estimate narrowed down the design to alternative one, 8-hour irrigation 
schedule with two 12,000 gallon storage tanks and pre-cast spring boxes. This cost estimate 
represented a much more complete analysis. Shown in Table 4 below, there were five main areas 
of focus for the cost analysis: demolition and permits, spring boxes, conveyance lines, storage 
tank area, and garden.  
 
Table 4 Cost estimate 
Work Item Installed Cost 
Demolition/Permits $9,600 
Spring Boxes $5,900 
Conveyance Pipelines (HDPE) $93,800 
Storage Tank Area $56,100 
Garden $46,000 
Total with 15% Contingency $243,700 
 
The sources used to calculate the project cost included R.S. Means 2012, Grainger, 
DripWorks, McMaster-Carr, Snyder Industries, and Chapman Electric Supply. These sources 
provided relatively accurate industry pricing for individual parts. In addition, several industry 
professionals gave price quotes for various parts of the design; this included Professor Steve 
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Chiesa, an Old Castle Precast representative, a Plastic Water Tanks Representative, and Chris 
Goodenough from Goodenough Underground as personal references.  
The final cost estimate represented the installation price of the project in 2016; it assumed 
a 3% inflation rate and 15% location factor markup. With a 15% contingency the final cost was 
$243,700, a little less than $20,000 higher than the original estimate. The breakdown of the final 
cost estimate can be found in Appendix N. 
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Chapter 7: Conclusion 
 The goal of the senior design team was to design an irrigation system that would provide 
adequate water and the resources that the Homeless Garden Project will need to maintain the 
farm at the new Pogonip location. The design of the water diversion, conveyance, storage, and 
distribution systems was meant to fulfill the requirements of the HGP’s expanded location and 
allow it to have an even greater impact on the Santa Cruz community. The new system gives 
HGP the ability to cultivate its farm sustainably and independent of water from the City’s treated 
water supply. Moving forward, the HGP will be able to have specific details and a cost estimate 
to use in its fundraising efforts to finance the move to the new farm. In the end, the HGP will 
have access to 235,000 gallons per week of harvested spring water and an irrigation system to 
provide for the over 8 acres of farmland. The entire water distribution process will be managed 
onsite and without the need to rely on outside sources for water collection, storage, or 
distribution. This independence provides economic flexibility and gives HGP a greater ability to 
manage its farm in a way specifically suited for its needs. The mission statement of the HGP 
reads “in the soil of our urban farm and garden, people find the tools they need to build a home 
in this world;” with an expanded farm, the HGP will be able to provide more homeless 
individuals with positive social interaction and greater resources to find their home in the world.
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Appendix B: Weber, Hayes, and Associates Spring Analysis Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1Pat Hoban
To: Mark Primack
Cc: Darrie Ganzhorn; jered@weber-hayes.com
Subject: RE: HGP Pogonip spring-fed irrigation
Mark Primack 
Mark Primack Architect Inc. 
 
Hello Mark, 
 
I grabbed our Pogonip data and inserted into a spreadsheet and juggled it a bit so as to summarize project specific 
information (see the attached table and charts).   
 
 Please note:  this information is currently confidential – we need to get permission from UCSC staff to use it 
but I thought you might want to look at the data before hand. 
 The current summary of results is in pretty close agreement with the 15 years of data included in UCSC’s publicly 
viewable, Long Range Development Plan EIR (http://lrdp.ucsc.edu/final‐eir.shtml  )  
 
Attached monitoring data is for Pogonip “Spring #1” and the receiving waters (“Pogonip Creek”).   I also included the 
Pogonp “Spring #2” data as general calibration data, but the flow from this spring is reported to flow to a separate 
drainage.  
 
 Page 1:  Topographic & Aerial MAPS of Pogonip Creek and spring locations. 
 
 Page 2‐3:  Summary TABLE of Water Flow Data collected from:  
a) Pogonip Creek (Jan‐1989‐present):  This gauging station is located downstream from the stream 
confluence with the “Spring 1” drainage; and 
b) Spring #1 (May‐1989 to present), and  
c) Spring #2 (May‐1989 to present)  
Note:  Average flow rates have been calculated for each location (annual average flow rate, growing season flow 
rate, and non‐growing season flow rate – see page 2 of the table). 
 
 Page 4:  Summary CHARTS of Water Flow Data Two side‐by‐side charts visually show the tabulated flow 
measurements referenced above (the charts present data for both Pogonip Creek and for Spring #1).  The charts 
include three horizontal dashed lines that represent: (a) the average annual flows for both Pogonip Creek and 
for Spring #1; (b) the average flows during the 28‐month growing season; and (c) the average flows that occurs 
during the 24‐month, “non‐growing season”. 
 
 Page 5:  CHART of Annual Precipitation Totals:  for comparison with low‐flow years at the Spring and at the 
Creek. 
 
 Page 6: Extra CHART (Spring #2 Water Flow Data):  For seasonal comparison of flows at Spring #1. 
 
PROJECT WATER NEEDS:  The water demand for 8 acres of agricultural land use has been estimated to be 14,400 gallons 
per day (GPD) for a 28‐week growing season (~April 1st‐Oct‐15th).   
 This is equivalent to an average flow volume requirement of 10 gallon per minute (gpm).  
 Therefore, the total volume of water needed for irrigation during the growing season would be 2,822,400 
gallons.   
2 Yet to be determined: there would also be much reduced water use volume needed by the Homeless Garden 
Project during the 24‐week, non‐growing season (wet season from ~Oct‐16th‐Mar‐31st). 
 
CONCLUSIONS:  The following conclusions can be drawn from the data: 
 
 POGONIP CREEK (receiving waters): 
a) 197.2 gpm = the total year‐round average flow in the creek (equivalent to 103.7 million gallons/year) 
b) 186.4 gpm = the average flow in the creek during the 28‐week growing season     
c) 211.7 gpm = the average flow in the creek during the 24‐week, non‐growing season   
 
 SPRING #1:  (targeted Homeless Garden Project source water):  
a) 31.8 gpm = the total year‐round average flow coming from this spring location (equivalent to 16.7 
million gallons/year, or about 16% of the total flow in the receiving waters of Pogonip Creek) 
b) 17.0 gpm = the average seasonal flow coming from this spring location during the 28‐week growing 
season period (dry season)       
 If all the spring water from Spring #1 got to Pogonip Creek (very unlikely), this dry‐season 
volume could potentially account for about  9.1% of the Pogonip Creek flow. 
c) 48.9 gpm = the average seasonal flow coming from this spring location during the 24‐week, non‐
growing period (wet season)     
 If all the spring water from Spring #1 got to Pogonip Creek (very unlikely), this wet‐season 
volume could potentially account for about  23.1% of the Pogonip Creek flow. 
 
 Dry Season Data 
a) As noted, the estimated growing season water demand for the 8‐acres Homeless Garden Project works 
out to be 10 gpm x 28 weeks (=2.82 million gallons). 
b) Spring #1 would appear capable of providing this 10 gpm volume because the average spring flow rate 
during the 28‐week, growing season is 17 gpm  (=4.81 million gallons).  Again, use of Spring 1 waters for 
agricultural irrigation should not negatively impact the receiving waters of Pogonip Creek because 1) the 
Spring 1  contributes less than 10% of the total flow volume to Pogonip Creek, and 2) percolation of 
irrigation should replenish the shallow aquifer which is likely in connection with the Pogonip Creek 
watershed. 
c) It should be noted flow monitoring of Spring #1 over the last 23 years showed that 6 of the dry season 
flow gauging events (26%) did not achieve the 10 gpm target flow volume needed for the project (i.e., 
years 1989, 1990, 1991, 1992, 2008, and 2009).  These low‐flow conditions generally coincide with  
extreme dry years (see Precipitation Chart, pg 5), and follow‐up years as the source (Karst) aquifers 
appear to equilibrate.  The Homeless Garden Project will need to manage their crops and crop rotation 
to reduce water needs during extreme dry season events, and or supplement water supply (i.e.,  
supplement with groundwater from the existing, low‐flow water supply well at the Clubhouse). 
 
That’s all I have for the moment.  Please feel free to call and discuss. 
Pat 
 
_______________________________________  
Pat Hoban, PG, QSD 
Weber, Hayes & Associates 
Hydrogeology & Environmental Engineering 
831.722.3580 
www.weber‐hayes.com 
 
From: Mark Primack [mailto:mark@markprimack.com]  
Sent: Friday, August 09, 2013 7:46 PM 
To: pat@weber-hayes.com; jered@weber-hayes.com 
3Cc: Darrie Ganzhorn 
Subject: HGP Pogonip spring-fed irrigation 
 
Pat and Jered, 
Thank you very much for the time you spent with me today. And thank you for your offer to review 
recent spring flow data and respond to our revised water usage numbers. 
I've cc'ed our executive director, Darrie Ganzhorn, on this. If you need any additional information, 
chances are that Darrie will know where to find it. 
I look forward to hearing your recommendations and hopefully working together with you on this 
project in the near future. 
With gratitude, 
Mark 
 
 
 
Mark Primack 
Mark Primack Architect Inc. 
521 Swift St. 
Santa Cruz CA 95060 
t.831-426-9340 
f.831-426-9308 
mark@markprimack.com 
www.markprimack.com 
 
 
 
 
 
Spring #1
Spring #1
Pogonip Creek
Monitoring Station
Spring #1
Spring #1
Clubhouse
Pogonip Creek
Monitoring Station
DATE
POGONIP SPRING #1 POGONIP SPRING #2
(gpm) (gpm) 
01/29/89 1 161.6   
02/11/89 2 170.5
02/12/89 3 193.0
02/13/89 4 197.5
02/14/89 5 197.5
02/15/89 6 193.0
02/16/89 7 188.5
02/17/89 8 193.0
02/18/89 9 233.4
02/19/89 10 224.4
02/20/89 11 206.5
02/23/89 12 193.0
03/04/89 13 224.4
04/04/89 14 184.0
04/24/89 15 180.0
05/02/89 16 211.0 1 7.8 1 21.6
07/10/89 17 162.0 2 2.8 2 16.8
09/05/90 18 137.0 3 13.5 3 2.2
09/28/90 19 113.1
10/15/90 20 155.0 4 7.4 4 1.9
10/29/90 21 132.6
11/14/90 22 136.9 5 10.8 5 1.5
11/28/90 23 147.8
12/12/90 24 152.8 6 10.9 6 1.7
01/03/91 25 157.5
01/17/91 26 154.9 7 10.0 7 1.2
01/31/91 27 167.7
02/14/91 28 162.3 8 10.5 8 1.3
02/26/91 29 149.9
03/12/91 30 160.2 9 23.5 9 3.5
03/30/91 31 183.4
04/24/91 32 157.5 10 21.4 10 4.0
05/08/91 33 147.0
05/24/91 34 148.6 11 15.3 11 3.2
06/05/91 35 154.2
06/20/91 36 148.5 12 9.8 12 3.6
07/05/91 37 156.8
07/23/91 38 166.6 13 15.4 13 2.7
08/12/91 39 114.5
08/23/91 40 150.6 14 11.4 14 2.0
09/05/91 41 150.8
09/19/91 42 151.0 15 7.2 15 1.8
10/09/91 43 131.2
10/25/91 44 167.7 16 10.4 16 1.4
11/08/91 45 150.0
11/25/91 46 155.7 17 10.3 17 1.8
12/17/91 47 158.1 18 6.7 18 1.2
01/03/92 48 156.5 19 22.1 19 2.1
01/14/92 49 152.9
01/30/92 50 145.4 20 8.2 20 1.3
02/13/92 51 408.5
02/27/92 52 164.7 21 54.6 21 25.0
04/28/92 53 160.7
05/15/92 54 139.5 22 13.8 22 5.6
06/03/92 55 131.1 23 12.6 23 6.0
07/09/92 56 153.4 24 12.8 24 4.4
07/25/92 57 146.8
08/12/92 58 135.8 25 10.2 25 3.8
08/28/92 59 143.4
09/15/92 60 142.1 26 8.6 26 2.7
09/28/92 61 138.5 27 2.9 27 2.7
11/10/92 62 138.7 28 7.6 28 2.0
12/10/92 63 152.7 29 11.4 29 14.6
01/26/93 64 257.4 30 86.8 30 64.6
TABLE 1
SPRING AND STREAM FLOW RATES AND GROUNDWATER ELEVATIONS
Surface Water Flow Monitoring  (1989 through present)
POGONIP CREEK SYSTEM
(receiving waters)
(gpm)
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DATE
POGONIP SPRING #1 POGONIP SPRING #2
(gpm) (gpm) 
TABLE 1
SPRING AND STREAM FLOW RATES AND GROUNDWATER ELEVATIONS
Surface Water Flow Monitoring  (1989 through present)
POGONIP CREEK SYSTEM
(receiving waters)
(gpm)
04/18/94 65 175.4 31 20.4 31 7.9
03/31/95 66 205.0 32 62.3 32 38.0
10/04/95 67 150.7 33 20.0 33 6.3
03/30/96 68 257.1 34 81.6 34 27.2
10/27/96 69 80.3 35 11.6 35 5.5
03/19/97 70 349.9 36 52.2 36 12.4
10/08/97 71 155.6 37 24.0 37 1.2
04/13/98 72 646.9 38 96.7 38 49.8
10/06/98 73 307.4 39 47.3 39 4.5
03/30/99 74 378.9 40 132.5 40 36.0
08/20/99 75 719.6 41 52.0 41 7.0
01/07/00 76 294.9
03/22/00 77 559.5 42 62.0 42 12.3
09/25/00 78 310.1 43 19.9 43 3.5
03/22/01 79 161.3 44 36.6 44 8.8
11/09/01 80 182.5 45 25.2 45 2.9
06/04/02 81 309.4 46 47.9 46 3.6
10/10/02 82 92.1 47 10.3 47 4.0
03/19/03 83 233.4 48 37.4 48 7.0
09/30/03 84 242.6 49 16.7 49 3.7
03/19/04 85 249.3 50 23.5 50 6.7
09/22/04 86 174.2 51 12.2 51 5.4
03/18/05 87 307.8 52 46.6 52 38.2
09/28/05 88 247.9 53 20.2 53 5.8
03/21/06 89 574.7 54 153.8 54 55.6
09/18/06 90 480.7 55 76.3 55 15.7
03/21/07 91 398.7 56 33.1 56 22.1
09/18/07 92 274.7 57 10.0 57 4.0
03/21/08 93 267.8 58 15.0 58 10.0
09/19/08 94 165.6 59 5.0 59 4.0
03/23/09 95 230.4 60 87.2 60 12.0
09/19/09 96 170.9 61 4.0 61 4.0
03/24/10 97 319.3 62 17.5 62 16.5
09/17/10 98 253.0 63 22.5 63 4.5
03/17/11 99 368.2 64 233.5 64 30.0
09/16/11 100 181.3 65 20.0 65 8.2
03/16/12 101 390.7 66 22.5 66 40.0
09/21/12 102 232.6 67 12.5 67 4.9
POGONIP CREEK 
(receiving waters)
POGONIP 
SPRING #1
POGONIP 
SPRING #2
(gpm) (gpm) (gpm)
( average of all 102 flow measurements) ( average of all 67 flow measurements) ( average of all 67 flow measurements)
[Average flow during the 28-week growing season 
measurements (April 1st-Oct-15th)]
[Average flow during the 28-week growing season 
measurements (April 1st-Oct-15th)]
[Average flow during the 28-week growing season 
measurements (April 1st-Oct-15th)]
 Potentially Equal to 9.14% of the 
Receiving Water Flow in Pognip Creek Spring #2 does not discharge to Pognip Creek
[Average flow water during the 24-week non-growing 
season measurements (Oct-16th-Mar-31st)]
[Average flow water during the 24-week non-growing season 
measurements (Oct-16th-Mar-31st)]
[Average flow water during the 24-week non-growing season 
measurements (Oct-16th-Mar-31st)]
 Potentially Equal to 23.1% of the 
Receiving Water Flow in Pognip Creek Spring #2 does not discharge to Pognip Creek
 
Notes:     gpm = gallons per minute. K:\AJOB\AJOB-LIBRARY\2002_22000\22014.pogonip\2013-Pogonip-Spring-Review 
211.7 48.9 17.7
Total Year-Round
Average Flow:
Growing Season
Average Flow:
Non-Growing Season
Average Flow:
197.2 31.8 11.0
186.4 17.0 5.3
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DATE
POGONIP SPRING #1 POGONIP SPRING #2
(gpm) (gpm) 
1 01/29/89 1 161.6   
2 02/11/89 2 170.5
3 02/12/89 3 193.0
4 02/13/89 4 197.5
5 02/14/89 5 197.5
6 02/15/89 6 193.0
7 02/16/89 7 188.5
8 02/17/89 8 193.0
9 02/18/89 9 233.4
10 02/19/89 10 224.4
11 02/20/89 11 206.5
12 02/23/89 12 193.0
13 03/04/89 13 224.4
04/04/89 14 184.0
04/24/89 15 180.0
05/02/89 16 211.0 1 7.8 1 21.6
07/10/89 17 162.0 2 2.8 2 16.8
09/05/90 18 137.0 3 13.5 3 2.2
09/28/90 19 113.1
10/15/90 20 155.0 4 7.4 4 1.9
14 10/29/90 21 132.6
15 11/14/90 22 136.9 5 10.8 5 1.5
16 11/28/90 23 147.8
17 12/12/90 24 152.8 6 10.9 6 1.7
18 01/03/91 25 157.5
19 01/17/91 26 154.9 7 10.0 7 1.2
20 01/31/91 27 167.7
21 02/14/91 28 162.3 8 10.5 8 1.3
22 02/26/91 29 149.9
23 03/12/91 30 160.2 9 23.5 9 3.5
24 03/30/91 31 183.4
04/24/91 32 157.5 10 21.4 10 4.0
05/08/91 33 147.0
05/24/91 34 148.6 11 15.3 11 3.2
06/05/91 35 154.2
06/20/91 36 148.5 12 9.8 12 3.6
07/05/91 37 156.8
07/23/91 38 166.6 13 15.4 13 2.7
08/12/91 39 114.5
08/23/91 40 150.6 14 11.4 14 2.0
09/05/91 41 150.8
09/19/91 42 151.0 15 7.2 15 1.8
10/09/91 43 131.2
25 10/25/91 44 167.7 16 10.4 16 1.4
26 11/08/91 45 150.0
27 11/25/91 46 155.7 17 10.3 17 1.8
28 12/17/91 47 158.1 18 6.7 18 1.2
29 01/03/92 48 156.5 19 22.1 19 2.1
30 01/14/92 49 152.9
31 01/30/92 50 145.4 20 8.2 20 1.3
32 02/13/92 51 408.5
33 02/27/92 52 164.7 21 54.6 21 25.0
04/28/92 53 160.7
05/15/92 54 139.5 22 13.8 22 5.6
06/03/92 55 131.1 23 12.6 23 6.0
07/09/92 56 153.4 24 12.8 24 4.4
07/25/92 57 146.8
08/12/92 58 135.8 25 10.2 25 3.8
08/28/92 59 143.4
09/15/92 60 142.1 26 8.6 26 2.7
09/28/92 61 138.5 27 2.9 27 2.7
34 11/10/92 62 138.7 28 7.6 28 2.0
35 12/10/92 63 152.7 29 11.4 29 14.6
36 01/26/93 64 257.4 30 86.8 30 64.6
37 04/18/94 65 175.4 31 20.4 31 7.9
38 03/31/95 66 205.0 32 62.3 32 38.0
10/04/95 67 150.7 33 20.0 33 6.3
39 03/30/96 68 257.1 34 81.6 34 27.2
10/27/96 69 80.3 35 11.6 35 5.5
40 03/19/97 70 349.9 36 52.2 36 12.4
10/08/97 71 155.6 37 24.0 37 1.2
41 04/13/98 72 646.9 38 96.7 38 49.8
10/06/98 73 307.4 39 47.3 39 4.5
42 03/30/99 74 378.9 40 132.5 40 36.0
08/20/99 75 719.6 41 52.0 41 7.0
43 01/07/00 76 294.9
44 03/22/00 77 559.5 42 62.0 42 12.3
TABLE 1
SPRING AND STREAM FLOW RATES AND GROUNDWATER ELEVATIONS
Surface Water Flow Monitoring  (1989 through present)
POGONIP CREEK SYSTEM
(receiving waters)
(gpm)
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DATE
POGONIP SPRING #1 POGONIP SPRING #2
(gpm) (gpm) 
TABLE 1
SPRING AND STREAM FLOW RATES AND GROUNDWATER ELEVATIONS
Surface Water Flow Monitoring  (1989 through present)
POGONIP CREEK SYSTEM
(receiving waters)
(gpm)
09/25/00 78 310.1 43 19.9 43 3.5
45 03/22/01 79 161.3 44 36.6 44 8.8
11/09/01 80 182.5 45 25.2 45 2.9
06/04/02 81 309.4 46 47.9 46 3.6
10/10/02 82 92.1 47 10.3 47 4.0
46 03/19/03 83 233.4 48 37.4 48 7.0
09/30/03 84 242.6 49 16.7 49 3.7
47 03/19/04 85 249.3 50 23.5 50 6.7
09/22/04 86 174.2 51 12.2 51 5.4
48 03/18/05 87 307.8 52 46.6 52 38.2
09/28/05 88 247.9 53 20.2 53 5.8
49 03/21/06 89 574.7 54 153.8 54 55.6
09/18/06 90 480.7 55 76.3 55 15.7
50 03/21/07 91 398.7 56 33.1 56 22.1
09/18/07 92 274.7 57 10.0 57 4.0
51 03/21/08 93 267.8 58 15.0 58 10.0
09/19/08 94 165.6 59 5.0 59 4.0
52 03/23/09 95 230.4 60 87.2 60 12.0
09/19/09 96 170.9 61 4.0 61 4.0
53 03/24/10 97 319.3 62 17.5 62 16.5
09/17/10 98 253.0 63 22.5 63 4.5
54 03/17/11 99 368.2 64 233.5 64 30.0
09/16/11 100 181.3 65 20.0 65 8.2
55 03/16/12 101 390.7 66 22.5 66 40.0
09/21/12 102 232.6 67 12.5 67 4.9
POGONIP CREEK GAUGING
(receiving waters)
POGONIP 
SPRING #1
(drains into Pogonip Creek)
POGONIP 
SPRING #2
(does not drain into Pogonip Creek)
(gpm) (gpm) (gpm)
( average of all 102 flow measurements) ( average of all 67 flow measurements) ( average of all 67 flow measurements)
Average flow during the 28-week growing season  (April 
1st-Oct-15th - 55 measurements)
- Avg of dry season measurements - 
[Average flow during the 28-week growing (dry) season 
measurements 
(April 1st-Oct-15th  - 34 meaurements)]
[Average flow during the 28-week growing (dry) season 
measurements 
(April 1st-Oct-15th  - 34 meaurements)]
Potentially Equal to 9.55% 
of the dry season flow in Pognip Creek
Redwood Creek Drainage
(does not drain into Pogonip Creek)
Average flow water during the 24-week non-growing 
season  
(Oct-16th-Mar-31st - 47 measurement)
- Avg of wet season measurements -
[Average flow water during the 24-week non-growing wet 
season measurements 
(Oct-16th-Mar-31st - 33 meaurements)]
[Average flow water during the 24-week non-growing wet 
season measurements 
(Oct-16th-Mar-31st - 33 meaurements)]
Potentially Equal to 20.02% 
of the wet season Flow in Pognip Creek
Redwood Creek Drainage
(does not drain into Pogonip Creek)
Notes:     gpm = gallons per minute. K:\AJOB\AJOB-LIBRARY\2002_22000\22014.pogonip\2013-Pogonip-Spring-Review 
233.8 46.8 17.3
Total Year-Round
Average Flow:
Growing (dry) Season
Average Flow:
Non-Growing (wet) 
Season
Average Flow:
213.7 31.8 11.0
190.3 18.2 5.3
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Appendiz C: Storage Tank Volume Calculations 
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Appendix D: Soil Report for Storage Tank Area 
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Soil Map
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Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 10N WGS84
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Feet
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Meters
Map Scale: 1:1,180 if printed on A landscape (11" x 8.5") sheet.
MAP LEGEND MAP INFORMATION
Area of Interest (AOI)
Area of Interest (AOI)
Soils
Soil Map Unit Polygons
Soil Map Unit Lines
Soil Map Unit Points
Special Point Features
Blowout
Borrow Pit
Clay Spot
Closed Depression
Gravel Pit
Gravelly Spot
Landfill
Lava Flow
Marsh or swamp
Mine or Quarry
Miscellaneous Water
Perennial Water
Rock Outcrop
Saline Spot
Sandy Spot
Severely Eroded Spot
Sinkhole
Slide or Slip
Sodic Spot
Spoil Area
Stony Spot
Very Stony Spot
Wet Spot
Other
Special Line Features
Water Features
Streams and Canals
Transportation
Rails
Interstate Highways
US Routes
Major Roads
Local Roads
Background
Aerial Photography
The soil surveys that comprise your AOI were mapped at 1:24,000.
Warning: Soil Map may not be valid at this scale.
Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.
Please rely on the bar scale on each map sheet for map
measurements.
Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.
Soil Survey Area:  Santa Cruz County, California
Survey Area Data:  Version 8, Sep 16, 2014
Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.
Date(s) aerial images were photographed:  Oct 18, 2014—Oct 24,
2014
The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
Custom Soil Resource Report
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Map Unit Legend
Santa Cruz County, California (CA087)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
144 Lompico-Felton complex, 50 to
75 percent slopes
0.1 1.0%
175 Tierra-Watsonville complex, 30
to 50 percent slopes
2.8 40.5%
179 Watsonville loam, thick surface,
2 to 15 percent slopes
1.1 16.2%
183 Zayante coarse sand, 30 to 50
percent slopes
2.9 42.2%
Totals for Area of Interest 6.9 100.0%
Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.
A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.
Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.
The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
Custom Soil Resource Report
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Minor Components
Danville, loam
Percent of map unit: 5 percent
Elder, sandy loam
Percent of map unit: 4 percent
Elkhorn, sandy loam
Percent of map unit: 2 percent
Pinto, loam
Percent of map unit: 2 percent
183—Zayante coarse sand, 30 to 50 percent slopes
Map Unit Setting
National map unit symbol: h9gc
Elevation: 250 to 1,500 feet
Mean annual precipitation: 35 to 60 inches
Mean annual air temperature: 54 to 57 degrees F
Frost-free period: 220 to 245 days
Farmland classification: Not prime farmland
Map Unit Composition
Zayante and similar soils: 85 percent
Minor components: 11 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Zayante
Setting
Landform: Mountains, hills
Landform position (two-dimensional): Backslope, summit
Landform position (three-dimensional): Mountainflank, side slope
Down-slope shape: Concave, convex
Across-slope shape: Convex
Parent material: Consolidated marine deposits and/or residuum weathered from
sandstone
Typical profile
H1 - 0 to 30 inches: coarse sand
H2 - 30 to 60 inches: fine sand, sand, coarse sand
H2 - 30 to 60 inches:
H2 - 30 to 60 inches:
Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Custom Soil Resource Report
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Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95
to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 7.5 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Minor Components
Ben lamond, sandy loam
Percent of map unit: 5 percent
Catelli, sandy loam
Percent of map unit: 4 percent
Pfeiffer
Percent of map unit: 2 percent
Custom Soil Resource Report
18
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Appendix E: Soil Bearing Pressure Calculations 
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Appendix F: Concrete Pad Design Calculations 
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Appendix G: Infiltration Trench Design Calculations 
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Basin Sizer Output: 
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Appendix H: Garden Layout 
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Appendix I: CASFS Example Water Budget Calculations 
  
74 
 
 
 
75 
 
 
 
 
76 
 
 
 
 
 
 
 
 
 
 
Appendix J: Soil Report for Proposed Farmland 
  
United States
Department of
Agriculture
A product of the National
Cooperative Soil Survey,
a joint effort of the United
States Department of
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Federal agencies, State
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Agricultural Experiment
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Custom Soil Resource
Report for
Santa Cruz
County,
California
HGP Pogonip Farm
Natural
Resources
Conservation
Service
May 12, 2015
8Custom Soil Resource Report
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Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 10N WGS84
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Feet
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Meters
Map Scale: 1:3,720 if printed on A portrait (8.5" x 11") sheet.
MAP LEGEND MAP INFORMATION
Area of Interest (AOI)
Area of Interest (AOI)
Soils
Soil Map Unit Polygons
Soil Map Unit Lines
Soil Map Unit Points
Special Point Features
Blowout
Borrow Pit
Clay Spot
Closed Depression
Gravel Pit
Gravelly Spot
Landfill
Lava Flow
Marsh or swamp
Mine or Quarry
Miscellaneous Water
Perennial Water
Rock Outcrop
Saline Spot
Sandy Spot
Severely Eroded Spot
Sinkhole
Slide or Slip
Sodic Spot
Spoil Area
Stony Spot
Very Stony Spot
Wet Spot
Other
Special Line Features
Water Features
Streams and Canals
Transportation
Rails
Interstate Highways
US Routes
Major Roads
Local Roads
Background
Aerial Photography
The soil surveys that comprise your AOI were mapped at 1:24,000.
Warning: Soil Map may not be valid at this scale.
Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.
Please rely on the bar scale on each map sheet for map
measurements.
Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.
Soil Survey Area:  Santa Cruz County, California
Survey Area Data:  Version 8, Sep 16, 2014
Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.
Date(s) aerial images were photographed:  Oct 18, 2014—Oct 24,
2014
The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
Custom Soil Resource Report
9
179—Watsonville loam, thick surface, 2 to 15 percent slopes
Map Unit Setting
National map unit symbol: h9g7
Elevation: 20 to 1,200 feet
Mean annual precipitation: 28 inches
Mean annual air temperature: 57 degrees F
Frost-free period: 245 to 275 days
Farmland classification: Farmland of statewide importance
Map Unit Composition
Watsonville and similar soils: 85 percent
Minor components: 13 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Watsonville
Setting
Landform: Marine terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium
Typical profile
H1 - 0 to 18 inches: loam
H2 - 18 to 39 inches: clay, clay loam
H2 - 18 to 39 inches: sandy clay loam, clay loam
H3 - 39 to 63 inches:
H3 - 39 to 63 inches:
Properties and qualities
Slope: 2 to 15 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately
low (0.00 to 0.06 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Moderate (about 6.2 inches)
Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: D
Custom Soil Resource Report
24
Minor Components
Danville, loam
Percent of map unit: 5 percent
Elder, sandy loam
Percent of map unit: 4 percent
Elkhorn, sandy loam
Percent of map unit: 2 percent
Pinto, loam
Percent of map unit: 2 percent
Custom Soil Resource Report
25
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Appendix K: Water Budget Calculations 
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Appendix L: WaterCAD Model Results 
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WaterCAD Pressure Outputs   
Junction 
Elevation 
(ft) 
Hydraulic Grade 
(ft) 
Pressure 
(psi) 
Bed 1 160.8 183.4 9.8 
Bed 2 157.9 183.4 11.1 
Bed 3 156.0 183.4 11.8 
Bed 4 156.0 183.4 11.9 
Orchard 1 204.9 244.0 16.9 
Orchard 2 174.0 244.0 30.3 
Orchard 3 161.9 244.0 35.5 
Orchard 4 158.9 244.0 36.8 
Orchard 5 160.0 244.0 36.3 
Orchard 6 164.9 183.4 8.0 
Orchard 7 164.9 183.4 8.0 
Orchard 8 165.1 183.4 7.9 
Row 1 160.6 244.0 36.1 
Row 2 162.0 244.0 35.5 
Row 3 160.6 244.0 36.1 
Row 4 157.1 244.0 37.6 
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Appendix M: Detailed Cost Estimate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Work Item Quantity Unit Unit Cost TotalO&P
Time
Factor
Location
Factor Total Vendor/Source Subtotal Assumptions
Demolition $9,585.46
Demo Permit 1 EA 414.38 1.03 N/A  $ 426.81 City of Santa Cruz
Demolition of Existing Steel Pipes 2,000 L.F 2.73 4.12 1.13 N/A  $ 9,311.20 RSMeans 2012 pg. 38 Disconnect and remove piping only
Steel Pipe Salvage 1,500 L.F 0.06 0.06 1.13 N/A  $ (101.70) RSMeans 2012 pg. 34
Steel Pipe Disposal Savings 1,500 L.F 0.03 0.03 1.13 N/A  $ (50.85) RSMeans 2012 pg. 34
Spring Box 1- Cast-in-Place $5,152.58
Cast-in-Place 1 EA 5000.00 5000.00 1.03 N/A  $ 5,150.00 (Chris Goodenough)
Filter Screen 1 EA 2.50 2.50 1.03 N/A  $ 2.58 Homedepot (Gutter guard)
Spring Box 2- Cast-in-Place $5,152.58
Cast-in-Place 1 EA 5000.00 5000.00 1.03 N/A  $ 5,150.00 (Chris Goodenough)
Filter Screen 1 EA 2.50 2.50 1.03 N/A  $ 2.58 Homedepot (Gutter guard)
Spring Box 1- Pre-cast $2,963.83
Pre-Cast 1 EA 2500.00 2875.00 1.03 1  $ 2,961.25 Old Castle Precast
Filter Screen 1 EA 2.50 2.50 1.03 1  $ 2.58 Homedepot (Gutter guard)
Spring Box 2- Pre-cast $2,963.83
Pre-Cast 1 EA 2500.00 2875.00 1.03 1  $ 2,961.25 Old Castle Precast
Filter Screen 1 EA 2.50 2.50 1.03 1  $ 2.58 Homedepot (Gutter guard)
HDPE Pipeline $93,775.62
Excavation 1065 BCY 7.48 10.35 1.13 1.15  $ 14,324.06 RSMeans 2012 pg. 580
Dense, hard clay with no sheeting
or dewatering included/ 1' to 4'
deep, 3/8 C.Y. excavator
Backfill 1065 ECY 33.47 51.50 1.13 1.15  $ 71,276.80 RSMeans 2012 pg. 586 Soil compaction in 12" layers,vibrating plate, light soil
2" Pipe 6162 LF 1.12 1.12 1.03 1.15  $ 8,174.76 Assumes 2" HDPE and 4"HDPE have the same $/LF
HDPE-Steel Connection $3,090.00
HDPE-PVC 3 EA 200 500.00 1.03 1  $ 1,545.00 Victaulic
PVC-Steel 3 EA 200 500.00 1.03 1  $ 1,545.00 Spears
Steel Pipe Components (Galvanized) $23,663.09
2" Steel Pipe 172 LF 24.50 61.25 1.03 1  $ 10,851.05 Grainger
Pipe Supports 20 EA 92.52 231.30 1.03 1  $ 4,764.78 McMaster
2" Steel Elbows (Tank) 8 EA 44.50 111.25 1.03 1  $ 916.70 Grainger
2" Cross Tee 3 EA 109.05 272.63 1.03 1  $ 842.41 Grainger
2" 45 Degree Elbow 5 EA 56.30 140.75 1.03 1  $ 724.86 Grainger
2" Isolation Valve (Tank) 5 EA 278.50 696.25 1.03 1  $ 3,585.69 Grainger
Float Valve 4 EA 192.00 480.00 1.03 1  $ 1,977.60 McMaster
Storage Tank- 8 hr irrigation schedule $29,434.83
Tank+Freight 2 EA 11,000.00 12,650.00 1.03 1  $ 26,059.00 (Chris Goodenough)
Tie Down Kit 2 EA 1,425.00 1,638.75 1.03 1  $ 3,375.83
Drainage
Infiltration Trench 1 EA
PVC Overflow Pipe 20 LF
Berm 44 LF
PVC Piping $22,871.20
2" PVC Class 150, SDR 18, AWWA C900 2200 LF 5.93 8.00 1.13 1.15  $ 22,871.20 RSMeans 2012 pg. 634 Not including excavation or backfill
PVC Connections $238.47
2" Elbow 28 EA 3.85 7.70 1.03 1  $ 222.07 Grainger
Demolition
Excludes material handling,
packaging, container costs and
transporation for salvage or
disposal
Spring Boxes
Pipe
Tank
Garden
2" HDPE to PVC Coupler 1 EA 7.96 15.92 1.03 1  $ 16.40 Chapman Electric Supply Inc.
Irrigation Components (PVC only) $15,150.64
2" Flowmeter 1 EA 562 1405 1.03 1  $ 1,447.15 Grainger
2" Isolation Valve (Gate Valve) 2 EA 24.89 62.225 1.03 1  $ 128.18 Grainger
2" Pressure Reducer (80 to 20 psi) 2 EA 1000 2500 1.03 1  $ 5,150.00 Plastomatic
2" Pressure Gauge 2 EA 55.85 139.625 1.03 1  $ 287.63 Grainger
2" Risers- Orchard, Beds $8,034.68
2" Elbow- Orchard, Beds 42 EA 3.50 7.00 1.03 1  $ 302.82 Grainger
2" Isolation Valve (Gate Valve) 42 EA 24.89 49.78 1.03 1  $ 2,153.48 Grainger
2" Hand Valve (Ball Valve) 21 EA 128.95 257.90 1.03 1  $ 5,578.38 Grainger
General $103.00
Timer 5 EA 10.00 20.00 1.03 1  $ 103.00 Dripworks
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Appendix N: Construction Drawings 
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